A new technique for the quantitative assessment of 8-oxoguanine in nuclear DNA as a marker of oxidative stress. Application to dystrophin-deficient DMD skeletal muscles.
This is the first report on the development of an immunohistochemical technique, combined with quantitative image analysis, for the assessment of oxidative stress quantitatively in nuclear DNA in situ, and its application to measure DNA damage in Duchenne muscular dystrophic (DMD) muscles. Three sequential staining procedures for cell nuclei, a cell marker, and a product of oxidative DNA damage, 8-oxoguanine (8-oxoG), were performed. First, the nuclei in muscle sections were stained with Neutral Red followed by the capture of their images with an image analysis system used for absorbance measurements. Second, the same sections were then immunostained for laminin in basement membranes as the cell marker. Next, the sections were treated with 2 N HCl to remove the bound Neutral Red and to denature tissue DNA. Third, the sections were immunostained for 8-oxoG in DNA, using diaminobenzidine (DAB) to reveal the antibody complex. This was followed by capture of the images of the immunostained sections as previously. The absorbances at 451.2 nm of bound Neutral Red and DAB polymer oxides, the final product of 8-oxoG immunostaining, were measured in the same myonuclei in the sections. Analysis of these absorbances permitted indices of the 8-oxoG content, independent of the nuclear densities, to be determined in nuclear DNA in single myofibres and myosatellite cells surrounded by basement membranes. We found that the mean index for the myonuclei in biceps brachii muscles of 2- to 7-year-old patients was 14% higher than that in age-matched normal controls. This finding of the increased oxidative stress in the myonuclei in young DMD muscles agrees with the previous reports of increased oxidative stress in the cytoplasm in the DMD myofibres and myosatellite cells. The present technique for the quantitative assessment of oxidative stress in nuclear DNA in situ is applicable not only in biomedical research but also in the development of effective drugs for degenerative diseases related to oxidative stress.